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Author Questionnaire
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  NO  

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  YES
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
As these files are necessary for finalizing your script, please upload all screen-captured video files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=20988623

3. Filming location: Will the filming need to take place in multiple locations?   NO

Current Protocol Length
Number of Steps:  20
Number of Shots:  52


Introduction
Videographer: Obtain headshots for all authors available at the filming location. 
AUTHORS: Please note that due to a change in template, all statements must now be within 20 words

INTRODUCTION:

[bookmark: _Hlk213153397]What is the scope of your research? What questions are you trying to answer? 
1.1. Benjamin Hampstead: We detect and study early cognitive and emotional changes from neurologic conditions, using non-drug neuromodulation interventions to enhance brain function.
1.1.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. 

[bookmark: _Hlk213153761]What are the current experimental challenges?
1.2. [bookmark: _Hlk213153778]Annalise Rahman-Filipiak: Our innovative headgear and training enable easy, accurate multi-electrode setup remotely, expanding access while preserving and improving stimulation precision.
1.2.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. 

CONCLUSION:

[bookmark: _Hlk213153848]What advantage does your protocol offer compared to other techniques?
1.3. Benjamin Hampstead: Our patented 3D-printed headgear enables easy, accurate multi-electrode setup by nonexperts, allowing safe, precise stimulation outside labs and improving access
1.3.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B.roll: 2.4.2
Videographer: Obtain headshots for all authors available at the filming location.


Ethics Title Card
All data came from studies approved by the Institutional Review Board (IRB) at the University of Michigan



Protocol  

2. MRI-Based Custom Headgear Modeling and Creation
Demonstrator: Patrick Pruitt , Stephen Schlaefflin

2.1. [bookmark: _Hlk213155951]To begin, acquire a structural T1 MRI (T-One-M-R-I) scan [1]. Upload the participant’s T1 to a secure server and [2] use segmentation software to segment the brain tissues and prepare the model for the computational modeling steps[3]. 
Authors: Please create screen capture videos of the shots labeled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=20988623
2.1.1. [bookmark: _Hlk213156139]Talent preparing MRI machine and participant.
2.1.2. [bookmark: _Hlk213156176]SCREEN: Accessing the participant’s T1 MRI scan on the secure server.
2.1.3. [bookmark: _Hlk213156223]SCREEN: Showing brain tissue segmentation completed. 
2.2. Launch the ROAST (roast)  program [1]. Develop an individualized computational model of electric current flow through the participant’s head [2]. Using the model, place electrodes in locations that direct the current flow to the target brain area [3-TXT]. 
2.2.1. [bookmark: _Hlk213157219]SCREEN: ROAST software is being launched 
2.2.2. SCREEN: A computational model of electrical current flow is being seen. 
2.2.3. SCREEN: Electrodes are placed on the model according to the 10-10/10-5 system. TXT: Ensure that the electrode locations adhere to 10-10 or 10-5 system
2.3. [bookmark: _Hlk213167017]Now, upload the desired electrode locations and participant’s T1 into the headgear creation software [1]. The software will automatically place crossbars connecting the electrode holders to form a rigid shell that allows the user to reposition hair and identify anatomical landmarks [2]. 
2.3.1. SCREEN: The desired electrode locations and participants T1 is being uploaded into the headgear creation software. 
2.3.2. SCREEN: The crossbars on the headgear is being seen. 
2.4. Upload the 3D model file in .STL (dot-S-T-L) format to an appropriate 3D printer [1]. Once printed ensure rough edges are smoothed using sandpaper when necessary [2].
2.4.1. [bookmark: _Hlk213167072]SCREEN: Shows the 3D printing file in the slicer with generated supports.
2.4.2. Talent sanding printed headgear for smooth finish.
3. Personalized Headgear Fitting, Validation, And Placement
Demonstrator: Karen Hernandez Reyes, Emma Hurston-Gates, Stephen Schlaefflin
3.1. Place the headgear on the research participant’s head using the orienting tabs to guide placement [1]. Secure the headgear using a hook and loop strap under the chin for bilateral headgear [2]. 
3.1.1. [bookmark: _Hlk213167780]Talent positioning the printed headgear on the participant’s head.
3.1.2. Talent securing the headgear using the hook and loop strap. 

3.2. Check the fit of the headgear by looking for minor gaps between the electrode holders and scalp [1] . Note the locations where minor gaps occur  [2] and remove the headgear [3] to apply soft spacers that will compensate for these gaps [4]. Check the fit again to ensure that all other electrode holders remain in contact with the scalp [5]. 
3.2.1. Talent inspecting the headgear in place on a participant’s head making notes.
3.2.2. Shot of minor gap between electrode holder and scalp.
3.2.3. Talent removing the headgear.
3.2.4. Close up: Talent retrieving a soft spacer and applying it to an electrode holder using quick-curing cyanoacrylate.
3.2.5. Talent replacing the headgear and checking the fit.
3.3. To validate the measurement accuracy of the headgear, use a flexible tape measure to hand measure and mark the location of each electrode on the participant’s head [1]. Place the headgear on the participant [2]. Then mark the locations of each electrode holder [3]. 
3.3.1. [bookmark: _Hlk213169437]Talent using a tape measure and washable marker to mark electrode locations on the participant’s scalp. 
3.3.2. Talent positioning headgear on the participant.
3.3.3. Talent using washable marker to mark the locations of the electrode holders on the participant’s scalp. 

3.4. Remove the headgear [1].  Measure the difference, in millimeters, between the hand-measured marks and the headgear electrode holder marks [2]. Record the distance and direction of any differences [3]. 
3.4.1. Talent removes headgear.
3.4.2. Talent measuring the difference between 2 points. 
3.4.3. Talent recording the measurement in mm.
3.5. Once the headgear is properly fitted, move any loose hair out of the electrode holder to expose as much skin as possible [1]. Then fill each electrode holder with conductive gel [2] and place each electrode into its holder, ensuring contact between the electrode and the gel [3]. Apply the cap to the holder to secure the electrode in place [4].
3.5.1. Talent moving hair from directly underneath the electrode holder.
3.5.2. Talent dispensing conductive gel into holders
3.5.3. Talent inserting electrode into each holder.
3.5.4. Shot of the cap being applied to secure the electrode.
4. At-Home Implementation of MRI-Based Headgear for Transcranial Stimulation
Demonstrator: Karen Hernandez Reyes, Emma Hurston-Gates, Stephen Schlaefflin 
4.1. On the first session, begin with explaining the components of the headgear [1] and demonstrate proper placement and preparation procedures to the study partner [2].
4.1.1. Talent pointing out orienting tabs and electrode holders during demonstration.
4.1.2. Talent placing the headgear on the participant’s head while speaking with the study partner and pointing.
4.2. Inspect the fit of the headgear for minor gaps [1]. If gaps exist, apply flexible spacers to the bottom of the electrode holder and recheck other electrode holders [2].
4.2.1. Talent inspecting the headgear. 
4.2.2. Talent adding spacer to the bottom of the electrode holder. 
4.3. [bookmark: _Hlk213170082]Demonstrate best practices including moving hair from under holders [1], properly filling with gel [2], placing electrodes [3], and applying the corresponding holder cap [4].
4.3.1. Talent showing study partner how to remove hair from under the holder  
4.3.2. Talent showing study partner how to fill the holder with gel.
4.3.3. Talent showing study partner how to place the electrodes.
4.3.4. Talent showing study partner how to apply the holder caps. 
4.4. [bookmark: _Hlk213170221]Now, demonstrate the operation of the ME‑tES (M-E-T-E-S) device [1], battery charge check and the evaluation of electrode impedance [2-TXT]. Then show proper rotations, removal, washing and drying methods [3].
4.4.1. [bookmark: _Hlk213170278]Talent showing device operation. 
4.4.2. Talent showing device controls battery indicator and impedance readings. TXT: ME-tES: Multi-Electrode Transcranial Electrical Stimulation; Perform the session as appropriate for the study
4.4.3. Talent showing study partner the proper way of washing and drying components.
4.5. [bookmark: _Hlk213170464]For the next session, have the study partner mark the nasion and auricular points to ensure the headgear orienting tabs are properly placed on the participant’s head [1]. Then have the study partner place the headgear [2].  
4.5.1. Shot of the study partner marking the nasion and auricular points on the participant.
4.5.2. Shot of the study partner placing the headgear on the participant.
4.6. Mark the electrode holder locations of the study partner’s placement [1] and then remove the headgear [2].
4.6.1. Talent marking the electrode holder locations.
4.6.2. Shot of the study partner removing the headgear.
4.7. Next, place the headgear on the participant’s head, mark the locations of the electrode holders, and remove the headgear [1]. Note any differences both placements and provide any corrective feedback [2].
4.7.1. Talent places the headgear on the participant’s head and marks the electrode holder locations 
4.7.2. Talent removes the headgear, shows the study partner where their placements differed, and provides feedback. 
4.8. Have the study partner conduct the entire setup including activating the device, evaluating impedance and cleaning equipment under supervision [1]. In subsequent sessions, use a standardized, skill-based checklist to monitor the study partner during each step of the setup process [2-TXT].
4.8.1. Shot of the study partner using the device under supervision. 
AUTHORS: This is meant to be representative. Please have the partner perform only 1 step
4.8.2. Talent reviewing a mostly completed checklist and observing partner’s technique. TXT: Provide corrective feedback and tips as necessary
4.9. [bookmark: _Hlk213172175]On the final day of training, provide the study partner with a carrying case containing all necessary supplies, a care and maintenance manual and a second case with the ME‑tES device at the end of the session [1].
4.9.1. [bookmark: _Hlk213172198]Talent handing over cases and manual to the study partner.
4.10. For remote at‑home ME‑tES sessions, have the study partner log into a secure video call [1]. Ask them to perform all setup activities [2] then have them report impedances [3]. 
4.10.1. Talent on a video call with the study partner. 
4.10.2. Shot of the partner performing setup activities on the video call while the talent observes. 
4.10.3. Shot of the study partner telling the team member the impedance colors. 

4.11. Once acceptable, provide a code for the study partner to enter into the ME-tDCS unit [1]. Then perform the required session activities on a video call [2-TXT]. Once the session is complete, ensure that the study partner follows the care and maintenance checklist and charges the stimulator batteries [3]. 
4.11.1. Talent entering the session code into ME‑tDCS unit.
4.11.2. Talent monitoring participant during stimulation session. TXT: Include safety and tolerability reporting
4.11.3. Shot of the partner charging the stimulator batteries, while on the video call. 	Comment by Hampstead, Benjamin: seems redundant with 3.11. Suggest removing 3.12
4.11.4. 

Results

5. Results 

5.1. The headgear electrode locations differed by an average of only 8.6 millimeters across the first 54 participants relative to hand-measured locations obtained by the study team [1].
5.1.1. LAB MEDIA: Figure 3A. Video editor: Highlight the large black dot 
5.2. On the first day of training, study partners placed the headgear with an average deviation of approximately only 3 millimeters relative to study team placement [1], which improved to a nominal 1.74 millimeters by the final day [2].
5.2.1. LAB MEDIA: Figure 3B. Video editor: Highlight the large black dot near 3 on the vertical axis under “First day”
5.2.2. LAB MEDIA: Figure 3B. Video editor: Highlight the large black dot near 1.7 on the vertical axis under “Final day”

5.3. Participants and study partners reported high levels of confidence after the first session, which further increased to near ceiling levels by the final training session [1]. 
5.3.1. LAB MEDIA: Table 1 Video Editor: Please sequentially highlight the columns “ after 1”, “After 5” and “ After Final” 
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